Introduction
When an oncoming boundary layer flow encounters a body mounted on the plate, the flow separates in front of the body due to the blocking effect. The separated flow forms several vortices depending on the flow conditions and they sweep around the body to generate horseshoe vortices and interact with the corner flow at the downstream. This flow is sometimes called junction flow and can be found in the juncture of the appendages attached to a ship hull.
The study of a junction flow is practically important because the generated horsesoe vortices greatly affect the resistance, the performance of the appendages and the other devices located downstream. Especially for high speed twin-screw ships with relatively large appendages, the increase of the resistance by appendages amounts to 20-30 % of the total resistance of the ship1). Although some systematic experimental studies are performed through conventional tank tests2), the estimation of the resistance of the appendages meets with difficulty in the uncertainty of the scale effect. The basic understanding about the junction flow is required to cope with unconventional high-speed ships which may have new type appendages.
Most of the previous studies on the junction flow have been performed for a simple configuration of body and plate to understand the fundamental mechanism of the junction flow by simplifying the problem ; studies have been carried out to understand the structure of the 
3 Computational Condition
The profile of the strut section is the same as that used in experiments shown in Table 1 . The leading edge of the plate is 3.5L apart from the center of the wing but infinite in lateral and downstream directions.
Two-dimensional C-type grids about the strut are generated by using a geometrical method18) and threedimensional grids are obtained by stacking them algebraically. Fig. 2 shows one of the grids used in computation. The computing domain is as follows. The computing conditions and grids for the three cases studied in this paper are summarized in Table 2 .
The flow is accelerated until t=1.0 for all cases. Table 2 Computing Conditions mean the components of the velocities in-plane and normal-to plane respectively here. The horseshoe vortex generated in the upstream travels down along the strut by changing its direction to streamwise direction. Both the primary and the secondary horseshoe vortices can be clearly seen on the plane 1. Compared with those in the upstream symmetry plane, they become larger in size but weaker in strength and the position moves away off the strut and plate. The streamwise velocity shows a dip-like contour near the juncture. This is due to the momentum transfer from the outflow into the corner region by the horseshoe vortex.
These two vortices dissipate further to be seen hardly on the plane 2. Up to the plane 2 the flow is accelerated around the strut. However the acceleration of the flow near the plate is hindered by the plate, which induces the vertical pressure gradient and upward velocity on the strut. Conversely the deceleration of the flow induces downward velocity on the plane 3. It should be noticed that the vortex on plane 3 is not a secondary horseshoe vortex generated in the upstream but the one generated newly. Here, the separation of the flow can be observed in the upper position of the strut but not close to the root.
A trailing edge vortex can be clearly seen on the plane 4 and a wide separated region can be seen also. This vortex dissipates in the downstream to render a almost boundary layer-like flow at 1.5L downstream from the trailing edge. In Fig. 10 the limiting velocity on the strut and the velocity on the symmetry plane in the wake are compared between Rn =104 and 103. Strong downward velocities can be seen around the juncture of the leading edge of the strut within the oncoming boundary layer thickness. For Rn =104, a strong backward flow is observed behind the trailing edge which implies the presence of a z-component of vortex in the wake. Fig. 11 shows the similar comparison of the pressure.
The pressure distribution is 3-dimensional up to a considerable height above the oncoming boundary layer thickness. The pressure is higher near the plate in the fore part of the strut. Sharp changes of the pressure can be seen in the wake plane close to the plate which are due to the vortex in this region. Some wiggles are seen near the trailing edge which may imply that the pressure has not yet been fully converged there. Fig. 12 shows the contours of the x-component of the skin-friction on the strut. Here, chain lines represent zero-skin-friction lines which may be related with the separation on the strut. They are much affected by the Reynolds number. Compared with the visualized flow (see Fig. 1 ( b ) ), the zero-skin-friction lines for Rn=104 seems to agree well with the observed separation lines. Fig. 19 shows the pressure distribution on the plate.
The position and direction of the kinks in pressure contour seem to be correlated with the valley of the skin friction contours shown in Fig. 18 . Fig. 1 ( c), ( d ) ) whose Reynolds number is about 4 *104. The difference is due to the Reynolds number effects.
The spanwise distribution of the drag and the lift coefficients of the strut is shown in Fig. 24 . The characteristics of the drag are similar with those for the case with zero angle of attack but the lift is remarkably reduces near the plate due to the insensitive change of pressure there.
Conclusions
The around both the leading and trailing edges are much affected. The pressure and the skin friction acting on the strut varies much in spanwise. The estimation of the drag should be carried out by considering these effects.
The incident angle gives a shift of the horseshoe vortices to the pressure side to make an unsymmetrical structure of the horseshoe vortex in the both sides of the strut but the characteristics of the drag remains little affected.
It can be concluded that a numerical study can be a good tool for such complicated flows. A more general understanding of the junction flow will be made through further studies on the effects of the curvature of the plate and the heel angle of the strut. 
